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[57] ABSTRACT 

Novel aromatase inhibitors are disclosed for use in ther- 
apeutic preparations for treatment of estrogen-depend- 
ent diseases. The compounds are specified 7a-sub- 
stituted androstanedione and androstenedione deriva- 
tives which show a strong inhibitory activity towards 
aromatase. The invention includes synthesis and phar- 
maceutical compositions of said compounds. 
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AROMATASE INHIBITORS 

BACKGROUND OF THE INVENTION 

This invention relates to novel steroidal aromatase 5 
inhibitors. More particularly, certain preferred embodi- 
ments of the invention relate to 7a-substituted andro- 
stenedione and androstanedione analogs which inhibit 
this enzyme. 1Q 

BRIEF DESCRIPTION OF THE PRIOR ART 

During the treatment of certain estrogen-dependent 
diseases, it is important to greatly reduce or, if possible, 
eliminate estrogen-induced effects. Alternative or con- 15 
current therapy to administration of antiestrogens could 
involve attempts to block the production of estrogen 
such that none is available to activate receptor sites. 
The blockade of aromatase, an enzyme that synthesis 
estrogens from androgens (e.g. estradiol from testoster- 20 
one) has been intensively studied in view of developing 
pharmaceutical drugs useful in the therapy of estrogen- 
dependent diseases, particularly breast cancer (Walsh, 

C, 1984, Ann. Rev. Biochem., 53, 493-535; Brodie, A. 
M. H. etal., 1977, Endocrinology, 100, 1684-1685; Con- 25 
vey D. F. et al, 1981, J. Biol. Chem., 256: 1076-1079; 
Covey D. F. and Hood, W. K, 1981, Endocrinology, 
108: 157-1599; Brueggemeier and Katlic, 1987, Cancer. 
Res. 47: 4548-4551; Henderson, 1987. J. Steroid Bio- 
chem. 27: 905-914; Numazawa et al., 1987. J. Steroid 30 
Biochem. 28: 337-344; Kruter et al., 1987, J. Steroid 
Biochem. 28: 139-145; Snider, C. E. and Brueggemeier, 

R. W., 1985, J. Biol. Chem., 262: 8685-8687; Sherwin, 
P. F. et al., 1989, J. Med. Chem., 32, 651-658; Giudici, 

D. et al., 1988, J. Steroid Biochem., 30, these drugs have 35 
shown an "in vivo" inhibitory effect on the growth of 
mammary tumors (Spinola, P. G. et al., 1988, Breast 
Cancer Res. Treat., 12, 287-296; Brodie, A. M. H. et al., 
1982, Adv. Exp. Med. Biol., 138, 179-196; Brooks, S. C. 

et al., 1987, Cancer Research, 47, 4623-4629; Schie- 40 
week, K., 1988, Cancer Research, 48, 834-838); Schiavo 
et al., 1988, Fund, Appl. Toxicol, 10, 329-334) but few 
of these have been used in women for the therapy of 
breast cancer. Examples of those which have been used 45 
are 4-hydroxy-4androstenedione and aminoglutheti- 
mide (Coombes, R. C. et al., 1984, The Lancet, 
1237-1239; Brodie, A. M. H. 1987, J. Steroid Biochem., 
27, 899-893; Goss et al., Cancer Res. 46: 4823-4826; 
Brodie, A. M. H. and Santen, R. J., 1986, in Davies, S., ^ 
CRC critical reviews in oncology/hematology, vol. 5, 
Boca Raton: CRC Press: 361). 

Schweikert et al., 1986, U.S. Pat No. 4,596,796, dis- 
close the use of aromatase inhibitors for prophylaxis 
and/or treatment of benign prostatic hyperplasia. 55 

U.S. Pat. No. 4,822,528 discloses 4-substituted 6- 
alkylidenandrostene-3,17-dione derivatives as aroma- 
tase inhibitors. 

U.S. Pat. No. 4,824,830 disclosed 6- or 7- methyl- 
androsta-l,4-diene-3,17-diones as aromatase inhibitors.. 60 

U.S. Pat. No. 3,766,213 discloses the synthesis of 
retrosteroids and more particularly a method for the 
formation of the A-ring of retrosteroids. 

Derivatives of 6-methylene-4-androstene-3-ones are 
described by Petrow et al., 1983 (J. Steroid Biochem. 65 
19: 1491-1502). 

Grunwell et al., 1976, Steroids, 27, 759-771 and Solo, 
A. J. et al., 1982, Steroids, 40, 603-614 discloses the 



2 

synthesis of a series of 7a-alkyltestosterone derivatives 
and describe their biological activities. 

Brueggemeier, R. W. et al., 1978, J. Med. Chem. 21, 
1007-1011 and Snider, C. E., Brueggemeier, R. W., 
1985, J. Biol. Chem., 262, 8685-8687 disclose the syn- 
thesis and aromatase inhibitory activity of 7a-(4'- 
amino)phenylthio-androstenedione derivatives. 

Brueggemeier, R. W. and Li, P. K., 1988, Cancer 
Research 48, 6808-6810, disclose that 7a-(4 , -amino)phe- 
nylthio-4-androstene-3,17-dione inhibits the growth of 
DMBA-induced mammary carcinoma in rats. 

J. H. Davies et al., Proc. Am. Ass. Cancer Res. 30, 
abs 1204, 1989, disclose the use of 4-hydroxy-andros- 
tenedione in human. 

K. Schieweck et al., Proc. Am. Ass. Cancer Res. 30, 
abs 1205, 1989, disclose the use of CGS 16949A an 
anti-tumor agent. 

R. W. Brueggemeier et al, Proc. Am. Ass, Cancer 
Res. 30, abs 1206, 1989, disclose the synthesis and activ- 
ity of 7-alkyl and -aryl substituted derivatives of 4,6- 
androstadiene -3, 17-diones and 1,4,6-androstatriene 
-3,17diones. 

R. De Coster et al., Proc. Am, Ass. Cancer Res. 30, 
abs. 1207, 1989, discloses the use of novel triazole deriv- 
atives R76713 as aromatase inhibitor. 

U. Nickisch and H. Laurent in German patent D.E. 
3612632, Ai, 1987 disclose the synthesis of 7a-propyl- 
steroids. 

J. A. Zderic in U.S. Pat. No. 3,485,828, 1969, disclose 
the synthesis of 6,7-ethylene and 6,7-substituted ethyl- 
ene steroid derivatives. 

New aromatase inhibitors capable of effectually 
blocking the activity of aromatase while minimizing 
side effects and maximizing in vivo stability are desir- 
able in the art for possible use in treating estrogen-sensi- 
tive diseases. 

OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a 
steroidal inhibitor of aromatase for therapeutic use, and 
pharmaceutical compositions thereof. 

It is another object of the invention to provide meth- 
ods of inhibiting aromatase using pharmaceutical com- 
positions with good in vivo stability and/or low ten- 
dency to induce undesirable side effects. 

SUMMARY OF THE INVENTION 

The above and other objects are accomplished by 
providing aromatase-inhibiting compounds, and phar- 
maceutical compositions comprising therapeutically 
effective amounts of at least one of said compounds, 
wherein the aromatase inhibiting compounds have the 
following molecular structure. 



o 

12 w || 




Wherein the structure is either unsubstituted or hydro- 
gen substituted at the 4- and 6- positions, and wherein 
the dotted lines represent optional double bonds (4- 
androstene species being preferred); wherein R 7 is se- 
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lected from the group consisting of alkenyl, alkynyl, 
alkyl, epoxyalkyl, cyclopropyl alkyl and their halogen- 
substituted derivatives. 

All aromatase-inhibiting compounds herein have an 
androstenedione nucleus, the atom numbers and ring 
letters of which are as set forth above. The following 
conventions apply to structural formulae set forth 
herein. Unless specifically designated to the contrary, 
substituents may have either a or /3 stereochemistry or, 
where valence permits may represent one substituent in 
a position and another in £ position, Presence of op- 
tional double bonds are independent of each other. All 
structures includes salts thereof. 

Atoms of any androstenedione nucleus for which no 
substituent is shown or described may optionally be 15 
substituted or unsubstituted. Those atoms having a de- 
fined substituent may optionally be further substituted 
by other substituents where their valence permits such 
further substitution. As used herein, the term "lower", 
when describing a chemical moiety means a moiety 
having 8 or fewer atoms. For instance, a "lower alkyl" 
means a d to C6 alkyl. Any moiety of more than two 
atoms may be straight- or branched-chain unless other- 
wise specified. 

A substitution at the 16 position is preferred in order 
to avoid the reduction of the 17-keto group which could 
cause the compounds to possess androgenic activity and 
potentially increase undesirable side effects in women. 

Rl is preferably a substituent of fewer than 8 atoms, 
or even a shorter (Q-C4) alkenyl, (C1-C4) alkynyl, or 
C1-C4 alkyl or (C1-C4) epoxyalkyl, cyclopropyl alkyl 
or halogeno-substituted derivatives thereof. In certain 
embodiments, Rj is in the alpha position and CH2Y 
wherein Y is selected from the group consisting of 35 
— CH=CH 2 , — teCH, — CH=CCH 3 , — C=CH 3 , 




20 



25 



30 



Wherein R7 is selected from the group consisting of 
alkylene, alkylnylene, cyclopropyl alkyl, epoxyalkyl 
and their halogeno-substituted derivatives and wherein 
B is a stabilizing substituent which inhibits reduction of 
the 17-keto group. B is preferably a poor leaving group 
and is preferably even capable of steric hindrance of 
17-keto reduction, (either by decreasing the aromatase- 
inhibiting compounds affinity for 17/J-hydroxysteroid 
dehydrogenase, or otherwise). In preferred embodi- 
ments, B is selected from the group consisting of: 
methyl, ethyl, iso-propyl, t-butyl, phenyl, tolyl and 
triphenylmethyl. 

Alternatively, reduction of 17-keto may be inhibited 
by placing an appropriate heteroatom in the 16 position 
of the D ring. 

By way of example, some preferred aromatase inhibi- 
tors in accordance with the invention include but are 
not limited to are: 
7oallyl-4-androsten-3, 1 7-dione 



— CH CH 2 , and — CH CH 2 . 

\ / \ / 

CH 2 O 



40 





In Some embodiments, there are a plurality of points of 
unsaturation in the C7 substituent. 

The aromatase inhibition is preferably a 4andros- olKf1 <a nw%Am ^ n „ , A . _ 

tenedione substituted as taught herein. Other embodi- 45 7 ^^yl-^-androstan-3,17Klione 
ments include but are not limited to 5a-androstanedione 
and 5a-androstanedione. The aromatase inhibitors of 
the invention is used to treat estrogen-sensitive diseases 
by, for example, inhibiting the production of estrogen. 
These diseases include, but are not limited to breast 50 
cancer, ovarian cancer, endometriosis, benign breast 
disease, gynecomastia, uterine fibroma, precocious pu- 
berty and benign prostatic hyperplasia. The pharmaceu- 
tical compositions may also be useful in the control of 
fertility in women and infertility in men. 55 

Aromatase-inhibiting compounds of the invention 
may also inhibit the activity of other estrogen-produc- 
ing enzymes, especially, but not limited to 170-hydrox- 
ysteroid dehydrogenase and estrogen sulfatase. 

In one alternative embodiment, the 16 carbon in the 60 
D ring is replaced with heteroatom capable of inhibiting 
reduction of 17-keto. 

DETAILED DESCRIPTION OF CERTAIN 
PREFERRED EMBODIMENTS 

In certain preferred embodiments of the invention, 
therapeutic compositions may comprise one or more 
compounds represented by the formula II: 



7a-allyl-5a-androstan-3, 17-dione 



65 




7a-allyl- 1 6-oxo-4-androstan-3, 1 7-dione 
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7a-allyl-16-oxo-5£-3,17-dione 




7a-allyl-16-oxo-5a-androstan-3,17-dione 

O 




K 

7a-(2-propynyl)-4-androsten-3, 1 7-dione 



o 




7a-(2-propynyl)-5a-androstan-3, 1 7-dione 




H 

7a-(2-propynyl)-16-oxo^androstan-3,17-dione 

O 




When aromatase inhibitors in accordance with the 
invention are used in the treatment of estrogen-related 
diseases, they are preferably administered at a dosage 
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from about S mg to about 2000 mg of active expedient 
(i.e. aromatase inhibitor), per day per 50 kg of body 
weight, most preferably from about 1.0 mg to about 20 
mg per day per kg of body weight. 
5 The aromatase inhibitors are preferably prepared as 
pharmaceutical compositions together with pharmaceu- 
tically acceptable carriers and diluents. When prepared 
for parenteral injection, an inhibitor of aromatase activ- 
ity may be prepared in a carrier preferably selected 
10 from the group consisting of saline, water, aqueous 
ethanol and oil. 

When a pharmaceutical composition of the invention 
is prepared for oral ingestion, the composition prefera- 
bly includes at least one inhibitor of aromatase activity 
15 wherein the total concentration of all such inhibitors in 
said pharmaceutical composition is from about 1% to 
about 95% of the composition (by weight), and prefera- 
bly from about 5% to about 20%. The composition 
preferably further includes a pharmaceutically accept- 
able diluent, for example, starch or lactose with or with- 
out tartrazine. Slow release pharmaceutical products 
comprising the novel inhibitors of aromatase activity 
may be incorporated into slow release pharmaceutical 
25 products which, other than addition of the novel inhibi- 
tors, may be prepared by known methods and adminis- 
tered orally as well as parenterally. 

In certain alternative embodiments, the pharmaceuti- 
cal composition of the invention may be formulated for 
30 sustained release in accordance with known techniques. 
These sustained release formulations are preferably 
prepared in an appropriate manner for either oral, intra- 
muscular, or subcutaneous administration. 
Set forth below is a detailed description of preferred 
35 synthetic techniques for producing certain preferred 
aromatase inhibitors in accordance with the invention. 

EXAMPLES OF SYNTHESIS OF PREFERRED 
AROMATASE INHIBITORS (SEE SCHEMA I 
^ AND SCHEMA II) 

Instrumentation 

The IR spectra were taken on a Perkin-Elmer 1310 
spectrophotometer. Proton NMR spectra were re- 
corded on a Varian EM-360A (60 MHz) or a Varian 
45 XL-200 (MHz) instrument. The following abbreviations 
have been used: s, singlet; d, doublet; dd, doublet of 
doublet; t, triplet; q, quadruplet; and m, multiplet. 
Chemical shifts are reported in 6 values relative to tet- 
ramethylsilane (TMS) or chloroform as internal stan- 
50 dard. 

For flash chromatography, Merck-Kiesel gel 
60(230-400 mesh A.S.T.M) was used. All solvents used 
for chromatography have been distilled. Unless other- 
wise indicated, starting material and reagents were ob- 
55 tained commercially and were used as such or purified 
by standard means. 
7a-allyl- 1 7/3-bydroxy-4-androsten-3-one, "EM 172". 
To a solution of l7/§-acetoxy-4,6-androstadien-3-one 
1 (2.0 g, 6.1 mmol) in dry dichloromethane (130 ml) was 
60 added titanium tetrachloride (5.36 g, 3. 1 ml, 28 mmol) at 
— 70* C. The reaction mixture was allowed to stir for 5 
min. Then, a solution of aUyltrimethylsilane (4.0 g, 5.6 
ml, 35 mmol) in dry dichloromethane (10 ml) was added 
over a period of 10 min and the resulting solution stirred 
65 during 1 hour at -70' C followed by 1 hour at -20* C. 
Afterwards, the solution was diluted with 150 ml of 
ether and was washed with water (6X100 ml), dried, 
filtrated and concentrated to yield the crude 17/3- 
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acetoxy-7a-allyl-4-androsten-3-one which was immedi- (14 ml, 1:1) cooled at 0* C. was added imidazole (700 

ately hydrolyzed. mg, 10.2 mmol) and t-butyldimethylsily chloride (770 

To a solution of crude acetate in methanol (100 ml) mg, 5.1 mmol). The reaction mixture was allowed to 

was added aqueous hydrochloric acid (10 ml, 5N). The warm up to 25° C. and was stirred during 20 hours, 

reaction mixture was heated at reflux for 1 hour. Then, 5 Then, the mixture was diluted with 150 ml of ether and 

most of the methanol was evaporated and the residue was washed thoroughly with water. The ethereal phase 

was transferred into a separatory funnel with a mixture was dried, filtrated and concentrated to an oil which 

of ether: dichloromethane (100 ml, 1:1) and water (50 was purified by flash chromatography (hexaneracetone, 

ml) and was then washed thoroughly with water. The 9:1) to yield 546 mg, 96% of silylether 2. IR (neat) v mQX 

organic phase was dried, filtered and concentrated to a 10 cm- 1 : 1670 (C=0), 1632 (C=C), 1610 (C=C); X H- 

solid. The crude material was purified by flash chroma- NMR (fippm): 5.70 (lH,s,— CH=C— ), 5.67 

tography (hexane: acetone, 9:1 and 4:1) to yield 630 mg, (lH,m,— CH=CH 2 ), 4.99 (2H,m f — CH=CH2), 3.56 

32% of compound EM 172. m.p. 208*-210° C, IR (lH,t,J=8.5 Hz,— CHOSi— ), 1.19 (3H,s,— 19CH3), 0.87 

(KBr) vnax cm-»: 3550-3250 (OH), 1645 (C=0), 1610 (9H,s,— C(CH 3 )3), 0.75 (3H,s— uCH*), 0.00 

(C=C); lH-NMR(6ppm): 5.72 (lH,s,— CH==C-), 5.65 15 (6H,s,— Si(CH3) 2 ). 

(lH,m,— CH=CH 2 ), 5.00 (2H,m,— CH=CH 2 ), 3.67 n^-hydroxy^a-propyl-Sa-androstan-S-one, "EM 

(lH,t,J=8.5 Hz, — CHOH), 1.22 (3H, S,— 19CH3), 0.81 185" 

(3H,s,— 16CH3). A large excess of lithium wire (405 mg, 58 mmol) cut 
7a-allyl-4-androsten-3,l7-dione, "EM 173" into short sections was added to 12 ml of freshly dis- 
A mixture of EM 172 (100 mg, 0.3 mmol), pyridinium 20 tilled ethylenediamine cooled in a water bath to 15" C. 
chlorochromate (100 mg, 0.46 mmol), sodium acetate The mixture was stirred until dark blue (5 min.). Then, 
(75 mg, 0.91 mmol) and 4 A molecular sieve (200 mg) in a solution of enone 2 (150 mg, 0.34 mmol) and t-butyl 
dry dichloromethane (5 ml) was stirred at 25* C. for 2 alcohol (435 ul), in 2.5 ml of dioxane was added drop- 
hours. The, the reaction mixture was filtered through a wise rapidly; additional dixoane was used to complete 
silica gel pad with ether as eluent and the filtrate was 25 the transfer. The reaction mixture was stirred for 45 
evaporated to a solid. The residue was recrystalized min. while being maintained below room temperature 
form dichloromethane and ether to give 81 mg, 81 % of by addition of ice to the water bath. Afterwards, ammo- 
the desired diketone EM 173. m.p. 219*-221 # C, IR nium chloride (1.25 g) and water (40 ml) were added 
(KBr) v max cm- 1 : 1720 (C=0, ketone), 1670 (C=0, successively to quench the reaction. The resulting mix- 
enone), 1635 (C=C), 1607 (C=C); *H-NMR (6ppm): 30 ture was extracted with ether (3x30 ml). The etheral 
5.74 (lH,s,— CH=C— ), 5.68 (lH,m.— CH=CH 2 ), 5.03 phase was washed thoroughly with water, dried, fil- 
(2H, m,— CH=CH 2 ), 1.23 (3H, s, — 19CH3), 0.93 (3H, tered and concentrated to an oil which was directly 
s,— 18CH3). hydrolyzed. 

7a-allyl-50-androstan-3,17-dione, "EM 176" and 7a- To a solution of crude silyl ether in methanol (5 ml) 

allyl«17/J-hydroxy-5/3-androstan-3-one, "EM 178". 35 was added aqueous hydrochloric acid (2 ml, 10% aque- 

To a stirred suspension of copper iodide (57 mg, 0.3 ous). The solution was heated at reflux for 1 hour. Then, 

mmol) in dry tetrahydrofuran (5 ml) cooled to 0° C was the reaction mixture transferred into a separatory funnel 

added methyllithiura (215 uJ of a 1.4M solution in ether, with ether (50 ml) and water (20 ml) was washed with 

0.3 mmol). The reaction mixture was cooled to — 50° C. water (6 X 20 ml). The organic phase was dried, filtrated 

and then 2 ml hexamethylphosphoramide and 40 and concentrated to a solid. The crude material was 

diisobutylaluminum hybride (4 ml of a 1M solution in purified by flash chromatography (hexarieacetone, 9:1) 

hexane, 4 mmol) were added successively. The mixture to yield 38.5 mg, 34% of EM 185. m.p. 154M56* C. f IR 

was stirred for 30 min. at -50' C. and EM 173 (50 mg, (KBr) v max cm- 1 ; 3560-3100 (OH), 1700 (C=0); ] H- 

0.15 mmol) in 2 ml of tetrahydrofuran was added. After NMR (Sppm): 3.65 (lH,t,J=8.1 Hz, —CHOH), 1.04 

being stirred at -50" C. for 2 hours, the solution was 45 (3H,s,— 19CH3), 0.88 (3H,U=6.7 Hz, — CH 2 CH3), 0.76 

diluted with 30 ml of ether and was washed with aque- (3H,s,— -18CH3). 

ous hydrochloric acid (2x5 ml, 10% aqueous) and 7a-aUyl-17/3-hydroxy-5a-androstan-3-one, "EM 197" 
water (6x 15 ml). The etheral phase was dried, filtrated A solution of EM 172 (500 mg, 1.52 mmol) and t- 
and concentrated to an oil. The residue was purified by butyl alcohol (5 ml) in dioxane (25 ml) was added drop- 
column chromatography (hexane:acetone, 9:1) to give SO wise with stirring to a solution of lithium (68 mg, 9.7 
EM 176, 11 mg, 22%; EM 173, 8.5 mg, 17%; EM 178, mmol) in liquid ammonia (100 ml) over a period of 2 
2.5 mg, 5% and EM 172, 13.5 mg, 26% obtained in that minutes. The reaction mixture was allowed to stir for 
order from the column. N.B. EM 176: IR (neat) another 5 minutes. The lithium amide formed was neu- 
vm«cm-i: 1730 (C=0), 1710 (C=0), 1632 (C=C); tralized by the addition of ammonium chloride (2 g) and 
] H-NMR (6ppm): 5.74 (lH,m f — CH 2 ), 5.04 (2H, m, 55 the ammonia was allowed to evaporate. The residue 
— CH=CH 2 ), 2.68 (1H, d of d, J= 13.20 Hz and was dissolved in ether (200 ml), washed with water 
J = 15.55 Hz, 0=C— CHajcH <9 CH— , 1.11 (6x50 ml), dried, filtrated and concentrated to an oil. 
(3H,s, — 19CH3), 0.90 (3H, s,— 16CH*). EM 178: IR (neat The residue was purified by flash chromatography 
vmax cm-*T 3600-3140 (OH), 1708 (C=0), 1635 (hexanciacetone, 4:1) to yield 254 mg, 50.5% of hydrox- 
(C=C); *H-NMR (Sppm): 5.72 (lH,m,-CH=CH 2 ), 60 yketone EM 197: m.p. 170M72* C, IR (KBr) 
5.03 (2H,m,— CH=CH 2 ), 3.68 (lH,t, J=8.40 Hz, cm-*: 3560-3300 (OH), 1695 (C=0), 1633 (C=C); 
— CHOH), 2.70 (lH,dd,J= 13.55 Hz and J= 15.55 Hz, 1H-NMR (6ppm): 5.66 (lH,m,-CH-CH 2 ), 4.96 
0=C— CHarHeyCH- ), 1.10 (3H,s,— 19CH3), 0.79 (2H,m,'CH=CH 2 ), 3.65 (1H,U=8.30 Hz,— CHOH), 
(3H,s,-i 6 CH 3 ). 1.04 (3H,s,-i9CH3), 0.77 (3H,s-i 8 CH 3 ). 

17a.allyl^7^-(t-butyldimethylsilyloxy)-4-androsten- 65 7a-allyl-5o-androstan-3,17-dione, "EM 198" 

3-onc, "2" The preparation of this diketone (EM 198) was per- 

To a solution of EM 172 (420 mg, 1.28 mmol) in a formed as described for diketone EM 173 (vide supra) 

mixture of dry tetrahydrofuran and dimethylformamide with the following quantities; EM 197 (56 mg, 0.168 
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mmol), pyridinium chlorochromate (110 mg, 0.5 mmol), 
sodium acetate (83 mg, 1 mmol) and 4 A molecular 
sieve (110 mg), dichloromethane (5 ml), 0° C.-+25* C, 
4 hours. The residue was purified by flash chromatogra- 
phy (bexane:acetone, 9:1) to give 39 mg, 71% of dike- 
tone EM 198. IR (neat) v max cm-h 1732 (C=0), 1709 
(C=0), 1635 (C=C); l H-NMR (6ppm): 5.69 
(lH,m,— CH=CH 2 ), 5.00 (2H,m,— CH=CH 2 ), 1.06 
(3H,s, — 19CH3), 0.89 (3H,s,- 18 CH 3 ). 

7a-allyl-3,3-ethyIenedioxy-17^-hydroxy-5-andros- 
tane 

A mixture of EM 197 (620 mg, 1.87 mmol), ethylene 
glycol (200 mg, 180 fd, 3.22 mmol) and p-toluenesul- 
fonic (10 mg, 0.058 mmol) dissolved in 80 ml of dry 
benzene was refluxed (Dean-Stark) for 2 h 45 min. 
under nitrogen. Then, ether (100 ml) was added and the 
resulting solution washed successively with sodium 
carbonate (2x30 ml, 5% aqueous) and with water 
(4x30 ml). The organic phase was dried, filtered and 
concentrated to a solid. The residue was purified by 
filtration on silica with hexaneracetone (4:1) and dichlo- 
romethane to give 550 mg, 78% of dioxolane, IR (KBr) 
Vmax cm->: 3600-3100 (OH), 1100-1080 (C— O); 'H- 
NMR (6 ppm): 5.69 (lH,m,-CH = CH 2 ), 5.00 
(2H,m,— CH=CH 2 ), 3.92 (4H,s,— OCH 2 CH 2 0— ), 3.64 25 



10 



10 



15 



20 



(lH,t,J=8.20 Hz, — CHOH), 0.84 (3H,s,-i9CH3). 073 
(3H,s,-i 8 CH 3 ); MS m/e (70 eV): 374 (M+). ~ 

17^hydroxy-7a-(2,3'-epoxypropyl>5a-androstan- 
3-one (*'EM 206") 

A mixture of above olefin (380 mg, 1.02 mmol), m- 
chloroperbenzoicacid (1.2 g, 50-60%, 3.47 mmol) and 
sodium acetate (3.8 g) in dry dichloromethane (30 ml) 
was stirred for 24 h at 25* C. Then, ether (100 ml) was 
added and the resulting solution was washed succes- 
sively with a solution of sodium carbonate (3X, 50 ml) 
and with water (3x50 ml). The organic phase was 
dried, filtrated and concentrated to a solid. The residue 
was purified by flash chromatography (hexane:acetone, 
4:1) to give 115 mg, 29% of the epoxide as a solid. IR 
(KBr) emaxcm-U 3550-3100 (OH), 1100-1080 (C— O); 
lH-NMR (s ppm): 3.93 (4H,s,-OCH 2 -CH 2 -0--), 
3.62 (1H, t, J=8.25 Hz,-CHOH), 2.90 (IH, massive, 
— CHOH2— ), 2.77 (1H, dt apparent, J=16.2 Hz and 
J=4.7 Hz, CHOCHH) 2.48 (1H, m, CHOCHH), 0.86 
(3H,s,~i9CH 3 ), 0.74 (3H,s,- 18 CH 3 ); MS m/e (70 ev): 
390 (M+). 

This compound was hydrolyzed with p-toluenesul- 
fonic acid in acetone and the 17£-hydroxy group oxi- 
dized with Jone's reagent into the (2',3'-epoxypropyl> 
5a-androstan-3,t7-dione ("EM 206"). 



SCHEME ] 



OAc 



/ 





04/10/2003, EAST Version: 1.03.0002 



11 




EM176 



5,227,375 

-continued 
SCHEME I 
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OH 





EM 198 



SCHEME II 
7a-allyM6-oxo-4andTOSian-3,17.dione ("EM 230") 
O 



J3$P 



30 



35 



•continued . 
SCHEME II 
7a>aHyl>16K>xo^androstan-3,17Ki!one ("EM 230") 

^\1^C02CH 3 



OAc 



AcO 



AcO 





HO' 



0-*-> 




10 
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SCHEME II 
7a>a]lvM6^3 t o-4androstan»3,17-dioDe ("EM 230") 
O 
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TABLE I-continued 



Potency of selected compour 


ids as inhibitors of aromatt 


ise activity 


Compound 


KiOiM) 




EM 198 


0.6 





As shown in Table 1, each of EM 173, EM 176 and EM 
198 showed aromatase inhibitory activity. 
What is claimed is: 

1. An aromatase-inhibiting compound represented by 
the following molecular structure: 



12 



EM 230 

t) SOCl 2 . pyridine: 

b) CH 2 =C(OAcX:H3 1 p-TsOU A: 

c) I) O). CH 2 C1 2 . AcOH. -70* C, 2) <CH 3 ) 2 S; 

d) CH 2 N 2 . Et 2 0; 

e) NaBH4, EtOH; 
0 N. 2 C0 3 ; 

I) Zn, AcOH; 
fa) Jones reagent; 

i) dichlorodtcyanobcnzoquinone, H + . Dioxtne; 

J) TiCl* ■llyliriraethylsilane, CH 2 C1 2 , -70* C. to -20* C 



15 



20 





35 



40 



Efficacy of preferred aromatase inhibitors synthe- 
sized in accordance with examples: 

The compounds synthesized above have been tested 
by the assay described by Thompson and Siiteri (J. Biol 
Chem. 249, 5364-5372, 1974) slightly modified as set 45 
forth below, and have been found to be effective inhibi- 
tors of the activity of placental aromatase. 

Microsomal aromatase was obtained from human 
placenta. A reaction vessel was prepared containing 
microsomes (0.124 mg protein/ml), NADPH (0.625 » 
mM), [ 3 H]androstenedione (0.33 /xM) and increasing 
concentrations of the potential inhibitor being tested in 
buffer (800 /xl) (0.1M KH 2 PCU, pH 7.5). The conversion 
of androstenedione to estrone was allowed to proceed 
at 37' C. for 30 min and stopped by addition of 200 fil of 55 
charcoal suspension (25 mg/ml) in the same buffer. 
After centrifugation, tritiated water contained in 100 u.1 
of supernatant was counted. The amount of tritiated 
water is proportional to the amount of transformed [ 3 H] 
androstenedione. Ki values were calculated by the 60 
Dixon method (Dixon, M., 1953, Biochem. J. 55, 
170-171) and reported in Table 1 below: 

TABLE I 

Potency of selected compounds as inhibitors of aromatase activity 65 
Compound Ki QxM) 



wherein the dotted line represents an optional double 
bond; 

wherein R7 is selected from the group consisting of 
alkenyl and alkynyl. 

2. A pharmaceutical composition comprising a phar- 
maceutically acceptable diluent or carrier and 
therapeutical effective amount of the aromatase-inhibit- 
ing compound of claim 1. 

3. The compound of claim 1 where the A/B ring 
junction of said molecular structure is in trans configu- 
ration. 

4. A pharmaceutical composition comprising a phar- 
maceutically acceptable diluent or carrier and 
therapeutical effective amount of the aromatase-inhibit- 
ing compound of claim 3. 

5. The compound of claim 1 wherein the AB-ring 
structure of said molecular structure is in cis configura- 
tion. 

6. A pharmaceutical composition comprising a phar- 
maceutically acceptable diluent or carrier and 
therapeutical effective amount of the aromatase-inhibit- 
ing compound of claim 5. 

7. The compound 7oallyl 4-androsten-3,17-dione: 
"EM 173" 




EM 173 
EM 176 



0.2 
0.9 



8. A pharmaceutical composition comprising a phar- 
maceutically acceptable diluent or carrier and 
therapeutical effective amount of the aromatase-inhibit- 
ing compound of claim 7. 

9. The compound 7a-allyl-5^androstan-3 1 17-dione: 
"EM 176" 
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20. A pharmaceutical composition comprising a phar- 
maceutically acceptable diluent or carrier and a thera- 
peutically effective amount of the aromatase-inhibiting 
compound of claim 19. 

21. An aromatase-inhibiting compound having the 
following molecular structure: 



10 

10. A pharmaceutical composition comprising a phar- 
maceutically acceptable diluent or carrier and 
therapeutical effective amount of the aromatase-inhibit- 
ing compound of claim 9. 15 

11. The compound 7a-allyl-5a-androstan-3 l 17-dione: 
**EM 198" 



H 



20 



25 



12. A pharmaceutical composition comprising a phar- 
maceutically acceptable diluent or carrier and 
therapeutical effective amount of the aromatase-inhibit- 
ing compound of claim 1. 

13. The compound 7a-propyl-5a-androstan-3,17- 
dione: "EM 199" 



30 




50 



14. A pharmaceutical composition comprising a phar- 45 
maceutically acceptable diluent or carrier and 
therapeutical effective amount of the aromatase-inhibit- 
ing compound of claim 13. 

15. The compound of claim 1 where all atoms of R7 
are separated from a ring carbon of the B ring of said 
compound by no more than seven intervening atoms. 

16. A pharmaceutical composition comprising a phar- 
maceutical^ acceptable diluent or carrier and a thera- 
peutically effective amount of the aromatase-inhibiting 55 
compound of claim 15. 

17. The compound of claim 15 wherein R7 includes at 
least two positions of un saturation. 

18. A pharmaceutical composition comprising a phar- 
maceutical^ acceptable diluent or carrier and & 
therapeutical effective amount of the aromatase-inhibit- 
ing compound of claim 17. 

19. The compound of claim 1 wherein R7 is in the 
alpha position and is — CH2 — Y, wherein Y is selected 
from the group consisting of: — CH=CH2, 65 
— CH=CHCH 3 , — CssCH, — CH3. 




wherein B is methyl or ethyl; 
wherein the dotted line represents an optional double 
bond; and 

wherein R7 is selected from the group consisting of 
alkenyl and alkynyl. 

22. A pharmaceutical composition comprising a phar- 
maceutically acceptable diluent or carrier and 
therapeutical effective amount of the aromatase-inhibit- 
ing compound of claim 21. 

23. A pharmaceutical composition comprising a phar- 
maceutically acceptable diluent or carrier and 
therapeutical effective amount of the aromatase-inhibit- 
ing compound of claim 21. 

24. The compound 7a-(2-propynyl)-4-androsten- 
3,17-dione: "EM-235" 



35 



40 




25. A pharmaceutical composition comprising a phar- 
maceutical^ acceptable diluent or carrier and 
therapeutical effective amount of the aromatase-inhibit- 
ing compound of claim 24. 

26. The compound of claim 1, wherein R7 is alkenyl. 

27. The pharmaceutical composition of claim 2, 
wherein R7 is alkenyl. 

28. The compound of claim 1, wherein R7 is C1-C4 
alkenyl. 

29. The pharmaceutical composition of c laim 2, 
wherein R7 is C1-C4 alkenyl. 

30. The compound of claim 21, wherein R7 is alkenyl. 

31. The pharmaceutical composition of claim 22, 
wherein R7 is alkenyl. 

32. The compound of claim 21, wherein R7 is C1-C4 
alkenyl. 

33. The pharmaceutical composition of claim 22, 
wherein R7 is C1-C4 alkenyl. 

34. The compound of claim 1, wherein R7 is C1-C4 
alkenyl or Ci-C* alkynyl. 

35. A pharmaceutical composition comprising a phar- 
maceutically acceptable diluent or carrier and a thera- 
peutically effective amount of the aromatase inhibiting 
compound of claim 34. 

* » * • » 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
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July 13, 1993 
Fernand Labrie et al. 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 



Column 1, line 19, change "synthesis" to 
— synthesizes- - ; 

line 41, delete ") " . 

Column 3, line 36, change «-CsCH 3/ " to CsC-CH 3 — ; 

line 44, change "4andros- w to -- 4-andros ; 

line 47, change "5a-androstanedione" to 
- - 56-androstanedione- - . 
Column 4, line 13, change "alkylene" to --alkenyl--; change 
"alkylnylene" to — alkynyl — ; 
line 44, change »£-allyl n to — a-allyl— . 
Column 5, line 10, change »7a-allyl-16-oxo-5S-3 , 17-dione» t 

-- 7a-allyl-16-oxo-5S-androstan-3,17 dione 
Column 6, line 38, change "SCHEMA" to —SCHEME--; 

line 39, change "SCHEMA" to —SCHEME--. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,227,375 Page 2 of 4 

DATED July 13, 1993 

INVENTOR(S) : Fernand Labrie et al. 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 7, line 18, change " <3H, s,-^) • " Co 
--UH^-hCHj) 

line 24, change "The" (first occurrence) to 
--Then--; 

line 27, change "form" to --from--; 
line 55, change "Ok" to --CH=CH 2 --; 
line 57, after " CH— " , insert --)--; 

line 58, change "-^CHe" to igCHj --; 

line 64, change " (3H, s,-^) . " to -- 

Column 8, line 62, change "1H-NMR" to - -'H-NMR— ; 

change "-CH 2 " to -- =0^--; 

line 63, change '"CH=CHj" to CH=CH 2 --. 

Column 10, line 6, change "chloroperbenzoicacid" to 

--chloroperbenzoic acid--; 

line 15, change "Boax" to --iw--. 
Column 11, line 28, change Mandrostan" to - -4 -andros ten- 
Column 12, line 29, change »4androstan" to --4-androsten- 
Column 13, line 3, change Mandrostan" to --4-androsten- 
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PATENT NO. : 5,227,375 Page 3 of 4 

DATED July 13, 1993 

INVENTORY) : p e rnand Labrie et al . 

It is certified that error appears in the above-indentrfied patent and that said Letters Patent is hereby 
corrected as shown below: 



IN THE CLAIMS : 

Claim 1, delete the molecular structure and insert: 




Delete claims 3-6 in their entirety. 

Claim 7, line 1, change "7ot-allyl 4-androsten" to 

- -7a-allyl-4-androsten-- . 
Claim 12, line 4, change "1" to --11--. 
Claim 19, line 4, change "-Ca-CHj" to CsC— CH 3 --. 
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It Is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: Column 15, 
Claim 21, delete the molecular structure and insert: 




4 6 *7 

Column 16, claim 23, delete in its entirety. 



Attest: 



Signed and Sealed this 
Sixth Day of September, 1994 



BRUCE LEHMAN 

Attesting Officer Commissioner of Patents and Trademarks 
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